The African population is considered a high-risk group for the development of hypertension, and identifying risk factors are therefore essential in preventive actions against cardiovascular disease (CVD). Elevated levels of uric acid (UA) are often associated with CVD. Our first aim was to establish possible ethnic differences in UA levels between African and Caucasian men. Our second aim was to determine any associations between UA levels and cardio-metabolic variables, and also how these correlates differ between the two groups. African (N ¼ 87) and Caucasian (N ¼ 121) men participated in this cross-sectional study. Our results have shown that African men had significantly lower (353±87.7 vs 401 ± 98.2; Po0.01) UA levels compared with Caucasian men. Waist circumference and triglycerides correlated strongly with UA in both ethnic groups. This was confirmed with a forward stepwise multiple regression analysis. After adjustment for confounders, the correlation between UA and triglycerides remained significant only in the Caucasians (r ¼ 0.29; P ¼ 0.02), whereas only the African men showed an independent correlation between UA and total peripheral resistance (TPR) (r ¼ 0.23; P ¼ 0.04). TPR increased significantly across UA tertiles only in the African men (P ¼ 0.01 vs P ¼ 0.96).
Introduction
Cardiovascular disease (CVD) remains one of the leading causes of mortality in the westernised society 1,2 despite substantial research to address modifiable risk factors contributing to CVD-related morbidity and mortality. One marker that is strongly linked to CVD, is elevated uric acid (UA) levels. [3] [4] [5] [6] [7] However, this association is difficult to interpret. Many studies argue that the association between UA and cardiovascular dysfunction is co-incidental, and based on the presence of the individual components of the metabolic syndrome. 8 These components include hypertension, obesity, dyslipidemia and hyperinsulinemia/insulin resistance.
Exact mechanisms linking elevated UA with the individual components of the metabolic syndrome is not entirely clear, but a few possible explanations are suggested. Although the contribution of obesity is not apparent, it is speculated that adipose tissue has an important part in the production as well as inhibition of UA excretion. 9 Elevated UA levels are not always the result of over production; it can result because of a decrease in excretion as well. Insulin, for example, is known to elevate UA levels by decreasing the excretion of UA through the proximal tubules. 10 Hyperinsulinemia is therefore often associated with high levels of UA. UA is considered a natural anti-oxidant, 11 and elevated UA levels found in the aforementioned conditions, could act as a possible counter mechanism to protect against endothelial damage. However, anti-oxidants can become pro-oxidants in certain conditions (urate redox shuttle), 11 resulting in damage to the endothelium and arterial vessel walls.
We have previously reported that African women from South Africa have significantly lower UA levels compared with their Caucasian counterparts. 12 This is in contrast to the literature that classify the black population as a high-risk group regarding hyperuricemia 4, 8, 13 or that the African population and Caucasian population have similar UA levels. 14 The role of UA in the development of CVD and its concomitant associations with components of the metabolic syndrome is receiving growing attention. A better understanding of the underlying mechanisms is essential in preventive actions against CVD especially in developing countries such as South Africa, which suffers from a high prevalence of CVD. 15, 16 African men are considered to be a high-risk group for the development of hypertension in South Africa, 15, 16 and it is essential to identify risk factors contributing to their high susceptibility of CVD. In a study by Fang and Alderman, 4 it was found that men had significantly higher UA levels than women. This further strengthens the importance to analyse this matter in African men. Our first aim was therefore to determine whether differences in UA exist between African and Caucasian men from South Africa. Our second aim was to determine whether any associations between UA and cardio-metabolic variables exist, and whether these correlates differ between African and Caucasian men.
Materials and methods
African (n ¼ 87) and Caucasian (n ¼ 121) men were recruited as volunteers from the Potchefstroom district in the Northwest Province, South Africa, to participate in a cross-sectional study. These men were apparently healthy, that is, asymptomatic not previously diagnosed with any serious, chronic illnesses (except hypertension).
Exclusion criteria were subjects with diagnosed diabetes (type I and II), human immunodeficiency virus infected and insulin levels above 27 mU ml -1 . As insulin levels do not have clear defined cut-off values, we used the suggested reference intervals according to a study carried out by Mack et al.
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In total, 181 African men and 163 Caucasian men were recruited for the study, however, 136 were excluded according to the exclusion criteria.
The participants reported early in the morning at the Metabolic Clinic of the university, and were required to be in a fasting state. All subjects were informed regarding the outcome and procedures of the study beforehand, after which they signed informed consent forms. Field workers relayed all relevant information in the subject's home language. The study was approved by the ethics committee of the Northwest University and complies with the Declaration of Helsinki as revised in 2004.
Blood sampling
A qualified nurse performed a finger prick to determine the fasting glucose level, which was directly measured in the Metabolic Clinic with an enzymatic method to screen for diabetes mellitus (LifeScan SureStep Blood Glucose Monitoring System, LifeScan Inc., Milputas, CA, USA). Afterwards a fasting blood sample was taken from the antebrachial vein using a sterile winged infusion set and syringes. Plasma and serum samples were prepared according to standard methods and stored at À82 1C until analyses were performed. Serum blood lipids, UA and high-sensitivity C-reactive protein were determined later in the laboratory with the Konelab auto-analyser (Thermo Fisher Scientific Oy, Vantaa, Finland). Insulin (ST AIA-PACK IRI, Cat. No 025260) was analysed by a two-site immunoenzymometric assay on the TOSOH AIA System analysers (San Francisco, CA, USA). Serum leptin levels were measured using an enzyme-linked immunosorbant kit (Diagnostic Systems Laboratories, Inc., Webster, TX, USA, Cat. No. DSL-10-23100i). Human immunodeficiency virus status was determined immediately after blood sampling with a rapid test according to the protocol of the National Department of Health of South Africa. Serum was used for testing with the First Response Test and was repeated with Pareeshak test for confirmation.
Anthropometric measurements
Anthropometric measurements were performed according to standard methods described by Norton and Olds. 18 Height measurements were taken using a stadiometer (Invicta Plastics Ltd, IP 1465, Leicester, UK), and body weight measurements were measured up to the nearest kilogram using a calibrated electronic scale (Precision Health Scale, A&D Company Ltd., Tokyo, Japan). The waist circumference (WC) was measured at midway level between the inferior rib margin and superior margin of the iliac crest. All the measurements were taken in triplicate to obtain a reliable median value.
Cardiovascular measurements
Each participant was allocated to a room wherein he rested for 10 min. before the blood pressure measurements. Participants were required to remain in the semi-Fowler's position while blood pressure was measured using the Finometer device (FMS, Finapres Medical Systems, Amsterdam, The Netherlands). The vascular unloading technique of Peó az together with the Physiocal criteria of Wesseling provided reliable, non-invasive and continuous estimates of blood pressure, which are usable especially in comparative studies. The Finometer device was connected and cuffs were attached to the left arm and the left middle finger of the participant. Resting blood pressure was recorded continuously for 5 min. After a recording of 2 min, a systolic return-to-flow calibration was performed. This calibration was performed to adjust the finger pressure of each specific participant with the brachial arterial pressure. Highest precision readings were obtained after this calibration. Systolic blood pressure, diastolic blood pressure, mean arterial blood pressure (MAP), Windkessel compliance and total peripheral resistance (TPR) were measured and stored.
General lifestyle and demographic questionnaires
Questionnaires were used to collect information regarding the subjects' smoking and alcohol habits.
Statistical analyses
Statistical analyses were performed using Statistica version 8.0 (Statsoft, Inc., Tulsa, OK, USA, 2008).
Statistical results are presented as means±s.d. Data that were not normally distributed (body mass index (BMI), leptin, glucose, total cholesterol, triglycerides, high-density lipids, low-density lipids, highsensitivity C-reactive protein, insulin, MAP and TPR) were log transformed and presented as means (5%; 95% percentile boundaries). An independent t-test was used for comparison of variables between groups to determine significant differences. An analysis of covariance was performed to compare variables between the groups, while adjusting for age, BMI, WC, fasting insulin levels, smoking and alcohol consumption.
To evaluate associations of UA with cardiometabolic variables, we used single regression analysis and a forward stepwise multiple regression analysis. For the latter UA was used as dependent variable and age, log BMI, WC, log triglycerides, log insulin, log leptin, smoking and alcohol consumption, and log TPR were used as independent variables.
Results
The main clinical and anthropometrical characteristics of our study population are presented in Table 1 . The two groups differed significantly with regards to all variables, except for age (P ¼ 0.93) and highsensitivity C-reactive protein (P ¼ 0.56). The Caucasian men had significantly higher obesity measures (BMI, WC and HC), whereas the cardiovascular profile of the African men was more detrimental. This is reflected by their significantly higher systolic blood pressure, diastolic blood pressure, MAP, and TPR and lower Windkessel compliance.
In contrast, the lipid profile of the African men seemed to be more favourable with significantly higher high-density lipids levels and lower triglycerides and low-density lipids levels. They also had significantly lower leptin, glucose and insulin levels compared with the Caucasian men. The African men had significantly lower UA levels compared with the Caucasian men. Table 2 reports the correlations between UA and cardio-metabolic variables for both African and Caucasian men.
Correlations between UA and cardio-metabolic variables in African and Caucasian men UA showed significant correlations with obesity measures (BMI, WC and HC), biochemical variables such as leptin, high-sensitivity C-reactive protein and triglycerides in both ethnic groups. Systolic blood pressure, diastolic blood pressure and MAP correlated significantly with UA, this was only evident in the African men. Noticeable only in the Caucasian men were significant correlations between both total cholesterol and low-density lipids levels and UA. UA also correlated significantly with fasting glucose and insulin in the Caucasian men.
Thereafter partial correlations were performed (Table 3) while adjusting for age, BMI, WC, fasting insulin, smoking and alcohol consumption. Almost all significant correlations mentioned in Table 2 disappeared leaving a significant correlation between UA and TPR noticeable only in the African men. The correlations between UA and lipids (total cholesterol, triglycerides and low-density lipids) in the Caucasian men remained significant.
A forward stepwise multiple regression analysis confirmed the association between UA and TPR in African men, and UA and triglycerides in the African and Caucasian men (Table 4 ). In both ethnic groups, WC show a strong association with UA levels.
We also plotted UA tertiles against WC, triglycerides and TPR to determine whether there is a trend towards increasing WC, higher triglyceride and TPR levels with an increase in UA levels (while adjusting for confounders) (Figure 1 ). There was a significant increase in WC in both ethnic groups with increasing UA levels. The Caucasian men showed a significant increase in triglyceride levels with increasing UA levels. Noticeable only in the African men is a significant increase in TPR with concomitant increase in UA levels.
Discussion
Epidemiological studies have shown that the African population is considered a high-risk group for the development of hypertension 15, 19 as well as hyperuricemia. 8, 13 Despite having significantly higher systolic blood pressure, diastolic blood pressure and MAP compared with the Caucasian men, the African men in our study group had significantly lower UA levels. This data correspond well with a previous study we performed on ethnic differences in UA levels between African and Caucasian women from South Africa, 12 where the African women also had significantly lower UA levels compared with the Caucasian women. This discrepancy between our and previous epidemiological studies may be attributed to the different origin of the study populations, because it is not known to what extent Africans from South Africa and African-Americans are comparable. 16, 20, 21 WC is a reliable indication of abdominal obesity 22, 23 and UA levels are commonly associated with visceral fat. 9 The higher UA levels in the Caucasian men might be partially explained by significant differences in abdominal obesity. Our multiple regression analysis also showed that WC is the strongest contributor to UA levels in both ethnic groups although the African men had substantially smaller WC. This was confirmed by the significant increasing trends in WC according to UA tertiles of both ethnic groups.
Another possible explanation for the higher UA levels in the Caucasian men might be the consumption of protein (purine) rich food, which is an exogenous source of UA. 24 The presence of lower UA levels in Africans is indeed informative, but perhaps of greater interest, is how this marker relates to cardio-metabolic variables in apparently healthy or asymptomatic subjects. Despite their significantly lower UA levels, the positive association between UA and blood pressure was stronger and more pronounced in the African men. This observation is significant considering the fact that the black population is more susceptible to the development of hypertension. 6 Our results are in consistence with findings from the Coronary Artery Risk Development in Young Adults study as well as the Atherosclerosis Risk in Communities study 6, 25 signifying a stronger UA-blood pressure relationship in the black population. These findings are imperative for future health consequences regarding African men, especially for developing countries such as South Africa. A few years ago, the prevalence of hyperuricemia and the metabolic syndrome in the black population, was not a common site. However, the adoption of a more westernised diet, because of industrialisation, had a great effect on the latter mentioned. Owing to the high content of sugars (particularly fructose) in a westernised diet, the prevalence of obesity and 
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Bold numbers indicate a significant P-value (o0.05). diabetes increased 26, 27 resulting in a concomitant increase in UA levels. Another study performed by Schwarzmeier et al. 28 revealed that fructose per se causes an abrupt increase in UA levels, which will further increase the vulnerability for the development of UA-dependent hypertension, especially in the African men.
In addition, after adjusting for potential confounding factors such as obesity, age, fasting insulin, smoking and alcohol, the significance of the UAblood pressure relationship diminished, leaving an independent relationship between UA and TPR. After dividing the group into UA tertiles, a significant increase in TPR was noticeable with an increase in UA levels only for our African participants.
This observation raises the possibility that UA may act as a risk factor, contributing to the development of CVD in African men. Resistance arteries are essential in controlling blood pressure, 29 and any structural changes (vascular remodelling) of these arteries will greatly influence vascular resistance (TPR). 30 There are multiple ways in which UA can most likely cause vascular remodelling. UA can alter the proliferation and migration of vascular smooth muscle cells 31, 32 by activating a series of pathways including mitogen-activated protein kinases, 32, 33 platelet-derived growth factors, chemokines (monocyte chemoattractant protein-1), and inflammatory enzymes (COX-2). 32, 33 Besides its possible direct effect on vascular smooth muscle cells proliferation and migration, UA may also exert other detrimental effects on the vascular system. It is speculated that UA alters the release of endothelial nitric oxide, 34, 35 allowing the endothelium to convert from a vasoprotective environment to one that is vasoconstrictive, procoagulant and antifibrinolytic. 36 Although this crosssectional study limits us to draw any conclusions, the latter mentioned relationship might suggest a possible mechanistic link between hyperuricemia and hypertension.
Our data also indicate that an independent relationship exist between UA and triglycerides. This is in agreement with previous studies, 7, 20, 37 which have constantly found an independent correlation between triglycerides and UA levels. Confounding factors such as BMI or WC could explain this strong association. It is clear from our multiple regression model that WC was the main determinant for the variability in UA levels in both the African and Caucasian men. However, even after correcting for obesity risk factors, the strong correlation remained relatively strong and highly significant in the Caucasian men. According to Tavil et al., 38 higher UA levels are associated with atherogenesis. This suggests that a rise in UA levels with a concomitant rise in triglyceride levels may have some role in the aetiology of cardiovascular dysfunction. Although this study has contributed a part to the body of knowledge regarding UA levels and its correlates in African and Caucasian men, there are some limitations. First, the cross-sectional design does not allow us to infer causality, therefore our results need to be confirmed with future follow-up studies. Other limitations included the inability to account for additional factors that might also have confounded the association between UA and cardiometabolic variables, including the use of diuretics 7 and the consumption of a protein (purine) rich diet. 39 The study group was relatively young and healthy with a low degree of cardiovascular dysfunction. It is therefore recommended that in future a follow-up study be performed.
In conclusion, our findings indicate that African men have significantly lower UA levels compared with Caucasian men. However, the association between UA levels and vascular resistance is significant only in the African men. Despite the higher UA levels in the Caucasian men, their cardiovascular profile seems not to be affected detrimentally. UA showed strong correlations with triglycerides and abdominal obesity in both ethnic groups.
